This paper quantifies the magnitude and duration of the GST effect on the quarterly growth rate of the eleven groups of the consumer price index (CPI) in Australia using the Box and Tiao intervention analysis. It was found that prices did not increase significantly before or after the introduction of GST beyond what could have been expected on the basis of the discernible systematic pattern of fluctuation in the data. Furthermore, the varying one-off effect of GST on prices was significant in seven out of eleven CPI groups, the effect was found insignificant for the other four CPI groups.
Presented below is a succinct review of the relevant literature prior to discussing the theoretical framework Prior to the introduction of GST, Warrant et al. (1999) and Johnson et al. (1999) thoroughly evaluated the revenue, efficiency and equity effects of the indirect tax changes associated with the government's tax package. They suggested that in the long run both reductions in personal income tax and increases in social security rates could sufficiently attenuate the average price rises among broad groups of households. Warren et al. (1999) examined the distributional impact of the implementation of the Government's ANTS tax package under various possible scenarios. According to this comprehensive study, with different sets of assumptions and depending which scenario is taken into account, the effect of this tax reform on inflation was predicted to be between 0.8 per cent and 3.6 per cent. The Commonwealth Treasury (2000, p.11 ) also estimated that GST can increase the overall CPI by 2.75 per cent. Similar to the above studies, Queensland Treasury (2001, p.1) and New South Wales Treasury (2001, p.14) believed that the GST effect would result in a one-off price-perturbation. During the GST transition period the ACCC (2001, 2003 ) also conducted eight general surveys (December 1999 -January 2000 March, May, August, and October 2000; and February and May 2001) , in which prices for various goods and services were collected from about 10,000 retail outlets in 115 geographical locations (i.e. major capital cities, regional cities, towns etc in all states and territories). The Commission's retail price surveys do not represent an economywide measure of the effects of GST and therefore one cannot compare them directly to the CPI compiled by the Australian Bureau of Statistics (ABS). However, they provide a rough estimate of the impact of GST on inflation. According to the ACCC (2001, p.2) , the effect of ANTS on inflation during third and fourth quarters of the year 2000 was initially expected to be around 4 per cent, with 3.7 per cent occurring in the September quarter 2000. As can be seen previous studies have not been very specific in relation to the duration of the GST effect. surveys, by which time non-tax factors were generally determining prices outcomes, was +5.7 per cent." ACCC (2003) and Valadkhani and Layton (2004) conclude that price changes caused by the implementation of the ANTS were rather similar across geographical locations. Table 1 summarises these estimates.
[ Table 1 about here]
With the passage of almost four years, it is now important to examine the extent to which the GST has impacted on various goods and services in Australia. As can be seen from the above brief review of the relevant literature, various studies and surveys have already examined the effect of the GST on inflation. However, the contribution of this paper to such an important issue is twofold. First, this paper uses a totally different approach to examine systematically the size and duration of the GST effects on inflation not only in Australia as a whole but also in the eleven groups of the CPI, namely, Food; Alcohol and tobacco; Clothing and footwear; Housing;
Household furnishings, supplies and services; Health; Transportation; Communication; Recreation; Education; and Miscellaneous. Although previous studies and surveys (undertaken by the ACCC, the Commonwealth Treasury and various State Treasuries) have already analysed this issue, they adopted different approaches and/or different survey data. Enough disaggregated quarterly time series data are now available since the introduction of GST to enable a meaningful econometric analysis to be used to examine this issue for each group of the CPI in the Commonwealth.
This study can therefore provide a consistency check on the impact and duration of the GST effect. The relevant review of literature indicates that the various studies and surveys have provided slightly different estimates for the overall effect of GST (See Table 1 ). Under various assumptions and approaches, these estimates also vary through time (See various estimates of the ACCC in different surveys discussed above). It seems that with the passage of time these estimates have become more accurate and differences are now being narrowed, resulting in a consensus among analysts in relation to the effect of GST on inflation. However, it would be useful to know the magnitude of the GST effect on various goods and services in the CPI basket using a difference technique.
The second contribution it is believed the paper makes is that almost all previous studies have indicated that the effect of GST on inflation was one-off and of transitory nature but they have not been very specific as to the duration of the effect on various goods and services included in the CPI basket. For instance, the ACCC (2001, p.2) has estimated the overall effect of GST on inflation during third and fourth quarters of the year 2000 to be around 4 per cent, with 3.7 per cent occurring in the September quarter 2000. The Commonwealth Treasury (2000, p.11) expected that the ANTS would "add around 2¾ percentage points to the CPI through the year to the June quarter 2001". The present study uses quarterly data -with inflation defined as quarter-to-quarter log changes -and lends further empirical support to this view that the GST effect on inflation in all eleven groups of the CPI basket was either statistically significant only in the September quarter of 2000 or not significant at all, suggesting no noteworthy effect in any of the four preceding or subsequent quarters.
To the best of author's knowledge the present study is the only independent (i.e. nongovernment) study which quantifies the size and duration of the GST effect on inflation at a disaggregated level and for various CPI groups.
The GST was an important component of the ANTS package. However, it should be noted that the ANTS package was a more comprehensive reform which encompassed the sequential adjustment and removal of the wholesales tax and changes to excise taxes as well as the introduction of the GST. It is important to recognise that it is very difficult to separate the GST effect from the effect associated with other components of the ANTS package through time. Time series data on the CPI groups reflect (simultaneously) all price changes associated with the ANTS package (including the GST effect) and thus the term "GST" is used as a generic term for the ANTS package. In this paper both "GST" and "ANTS" are employed interchangeably.
The remainder of the paper is structured as follows: Section II discusses briefly the theoretical framework of the Box and Tiao intervention analysis employed in the paper. Section III presents summary statistics of the data employed as well as the unit root test results. Section IV presents the empirical econometric results. Finally the last section offers some concluding comments. .
II The Intervention Model
As the CPI data are collected over time in regularly spaced intervals (i.e. quarterly) and the timing of intervention (the introduction of GST) is also known, the Box and Tiao (1975) Liu and Yu (2002) investigated the role of Taiwan's stock stabilization fund in countering market declines associated with foreign policy changes. More recently, Valadkhani and Layton (2004) applied this technique to examine the magnitude and duration of the GST effect on the overall rate of inflation in Australia and its eight capital cities. In fact, the present study is an extension of the work by Valadkhani and Layton (2004) in that it investigates further the pre-and post-GST effects on prices of the 11 groups of goods and services included in the CPI basket.
The logarithmic transformation is used to facilitate the analysis and the interpretation of the empirical results. This enables one to (a) consider percentage changes rather than absolute shifts and (b) stabilizes the variance of the series. A general ARIMA process of order (k,d,q) is specified as follows:
where Φ k (L) represents a k-order polynomial lag operator; ∆ d and ∆ s r denote the ordinary difference and seasonal difference operators, respectively; d and s are the number of times these differences are applied; r is the seasonal lag term; p=ln(P); P is a price index representing one of the CPI eleven groups; µ is a constant, Θ q (L) denote a q-order polynomial lag operator; ε is a white noise process; k is the number of autoregressive terms; q is the number of moving-average terms; D t is the intervention (or dummy) variable.
It is not the objective of this paper to behaviourally explain the inflation process, the ARIMA model should nonetheless capture any underlying systematic time series patterns in the data (of which seasonality would be the most obvious). It Based on previous studies, it is widely believed that an intervention such as the introduction of the GST has had only a temporary impact on the rate of inflation in the quarter in which it was introduced. Such an immediate and temporary impact could be well captured by a variable such as D 0t , a dummy variable taking the value of zero everywhere except in the quarter in which the GST was introduced, viz. the September quarter, 2000.
On the other hand, there is the possibility that the effect of the intervention may persist before or after the introduction of GST. In the case of the GST this might occur if the initial impact on prices gave rise to some residual momentum of further price rises. This may arise from either subsequent nominal wage growth increasing cost pressures or simply a further round of price rises deriving from a belief on the part of price setters that they may be able to extract additional price rises from consumers as a result of the initial price rise impetus coming about from the introduction of the GST. In order to examine the pre-and post GST effects (as well as the third quarter 2000), in the estimated ARIMA models there were 9 pulse dummy variables which capture the pre-and post GST effect on inflation in 9 quarters separately starting from 1999:3 to 2001:3. We have allowed the GST to impact on various components of the CPI for up to four quarters prior to its introduction by and zero otherwise. The duration of the GST effect on inflation is then simply a matter of empirical investigation, which can be examined by testing for the statistical significance of these dummy variables in the intervention model.
As part of the modeling process one needs first to choose accurate values for k, r and q in the ARMA specification. While the identification of an appropriate ARMA model is not an exact science, as a rule of thumb the autocorrelation (AC) and partial autocorrelation (PAC) functions as well as the Schwartz information criterion have been used to determine q and k, respectively. The estimated model is then subjected to a battery of diagnostic checks on the residuals to ensure that the model has properly accounted for all systematic variation in the time series. The ARMA model specified should also capture any systematic underlying time series patterns in the data (including seasonality effects). This is important since systematic time series patterns in the fluctuations in the data need to be accounted for so as to accurately gauge the impact of the GST. In order to address this possibility, equation (1) is augmented by a seasonal autoregressive term (Box et al., 1994) . It is also important under ARMA theory that the series being modeled is stationary. As shown later in this paper, the unit root test results indicated that almost all of the variables employed in this analysis are stationary after first differencing. The intervention model specified for each CPI group is then as follows: and each group is a weighted average of eight capital cities. Table 2 presents the summary statistics of the quarterly data employed for these eleven CPI groups as well as that of the aggregate CPI. It appears that Alcohol and tobacco and Education are the two groups within the CPI basket which increased in cost relatively more than the other nine CPI groups. On the other hand, Recreation and Communication have relatively risen less than the other CPI groups.
Based on the magnitude of standard deviation, Communication and Education can be considered as the most volatile groups of the CPI. It should be noted in the compilation of the CPI prices are usually collected once a quarter, however, "there are a few items where prices are changed at infrequent intervals, for example education fees where prices are set once a year" (ABS, 2004, p.28) . This phenomenon, which has contributed to a higher volatility of the rising cost of Education, can be observed in Figure 1 . As seen from the next section this explains why the seasonal effect in the ARIMA intervention model for Education, or φ (r=4), in Table 4 is highly significant.
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Using all available data published by the ABS, Figure 1 [ Table 3 about here]
IV Empirical Results
The aim of this section is to provide convincing answers to the following two questions: (a) as a result of the introduction of the GST, how much did the cost of living rise in terms of each CPI group; (b) for how long did the GST affect the growth rate of each CPI group? In other words, was additional inflation resulting from the introduction of GST confined to only 2000q3 as a one-off phenomenon or did prices of various goods and services increase before or after this quarter? As it was mentioned in Section I, many previous studies and surveys have already tried to provide answers to these important questions, but this paper uses a totally different technique to systematically undertake a consistency check on the results obtained previously and also shed some further light on the size and duration of the GST effect on inflation at a disaggregated level.
Equation (2) was estimated for the eleven CPI groups as well as the average CPI (all groups) and the estimation results are presented in Table 4 . As can be seen, the estimated ARIMA intervention models pass the reported diagnostic tests. The Table 4 and the correlograms of the resulting residuals for the estimated equations clearly indicate that the ARIMA intervention models are statistically quite acceptable. The correlograms of the resulting residuals are not reported but they are available from the author upon request. All estimated coefficients for φ, ρ and θ are highly significant and the inverted AR and MA roots have modulus less than unity, suggesting that the estimated ARIMA models are stationary (the inverted AR and MA roots have not been reported here but they are available from the author upon request).
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Among the estimated coefficients for β j , only β 0 is positive and statistically significant in the following seven CPI groups: Food (1.2%); Alcohol and tobacco Given that none of the estimated coefficients for β -4 to β +4 were statistically significant in Table 4 , we excluded these dummy variables (i.e., D -4 to D 4 ) from the model and re-estimated these equations. Table 5 shows the estimated coefficients for β 0 for all of the eleven CPI groups (plus the overall CPI) when the insignificant pulse dummy variables have been excluded from the estimated model. In order to make comparison easier, we have also reported the earlier estimates of β 0 (already presented in Table 4 ) in the second column of Table 5 . A pairwise comparison between the magnitude of these two estimates for β 0 and their corresponding probability values across all the major CPI groups shows that these coefficients are robust and have not changed considerably.
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It is also found that the β 0 coefficients are not excessively sensitive to different sample periods as well as to various specifications by including or excluding autoregressive and moving average error terms. The sensitivity results have not been reported here but they are also available from the author on request.
As mentioned earlier, one may also argue that due to affected pricing Wald test was also undertaken in Table 6 to quantify the post-GST effect on various CPI groups representing prices of different goods and services. The reported F statistics for eleven (including all groups) out of twelve cases indicate that the GST did not contribute to any significant price rises after its introduction. Therefore, one may conclude that the duration of the GST effect was very much confined to the September quarter of 2000 and these findings are consistent with both the relevant graphs presented in Figure 1 and the earlier studies briefly outlined in Section I.
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V Concluding Remarks
This study presents an analysis of the magnitude and duration of the GST effects on prices of various goods and services included in the CPI basket. These goods and * indicates that the corresponding null hypothesis is rejected at the 1 or 5% significance level. c) The Akaike Information Criterion has been used as a guide to determine the optimal lag length. Note: In the estimated ARIMA models there were 9 pulse dummy variables which capture the pre-and post GST effect on inflation in 9 quarters separately starting from 1999:3 to 2001:3. We have allowed the GST to impact on various components of the CPI for four quarters prior to its introduction by including four pulse dummies (where j=-1,-2,-3,-4) each with a non-zero value of 1 in only the relevant previous quarter: i.e. September 1999 , December 1999 , March 2000 , June 2000 . In order to test the post-GST effects on inflation, we introduced four pulse dummies (where j=1,2,3,4) each with a nonzero value of 1 in only the relevant previous quarter: i.e. December 2000 , March 2001 , June 2001 , September 2001 . The last dummy variable captures the effect of GST on inflation on the third quarter of 2000. The above Wald test statistics clearly indicate that the pre-and post GST effects on inflation were not significant with the only exceptions being Miscellaneous and Recreation which were somehow were affected before and after the introduction of GST, respectively. Thus most goods and services did not increase significantly from its underlying systematic pattern prior to and after the introduction of GST.
